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ff) (54) Title: CMP SYSTEM FOR METAL DEPOSITION 

^ (57) Abstract: A system for dished metal redevelopment by providing a metal deposition solution at an interface between a moving 
semiconductor wafer (1) and a moving polishing pad, which deposits metal onto dished metal (5) in trenches (4) in a layer (3) of an 
Q interlayer dielectric; and by polishing the wafer (1) with a relatively reduced polishing pressure to polish metal being deposited. A 
^ polishing fluid is disclosed for use in a CMP polishing system, the polishing fluid being a metal deposition solution for dished metal 
^ redevelopment. 
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CMP System For Metal Deposition 
The invention relates to a system for polishing a semiconductor wafer, and more 
particularly, to a system for polishing while minimizing metal dishing in trenches in a 
semiconductor wafer. 

5 A semiconductor wafer of silicon is manufactured with a layer of an interlayer 

dielectric, which can be a dielectric, such as, silica including Si02 and TEOS, and 
further, such as, a low K dielectric. The ILD is suitable as base on which multilevel 
integrated circuits are to be fabricated. Metal filled trejiches are fabricated in the ED, for 
example, by a damascene process. Metal, such as, copper, in the trenches, and provides 

10 circuit interconnects. A thin barrier film, for example, tantalum, meaning elemental 
tantalum or tantalum alloy including tantalum nitride, between the copper metal and the 
ILD, provides a barrier to migration of the metal into the ILD. The barrier film covers the 
surface of the ILD including the trenches. The barrier film and a thin film of the copper 
metal are deposited in succession, for example, by successive chemical vapor deposition 

15 processes, followed by an electroplating process for depositing copper metal to fill the 
trenches. Copper metal covers the barrier film, and fills the trenches to provide circuit 
interconnects. The successive layers of the barrier fibn and copper metal cause the wafer 
to have a topography of peaks and valleys that require polishing to achieve a polished 
planar surface that is suitable as a base for integrated circuits. The wafer may comprise a 

20 standard test wafer, on which are performed tests for the effectiveness of polishing 
operations. 

The wafer is polished by a polishing system known as CMP, referred to as either or 
both, chemical-mechanical planarization and chemical-mechanical polishing. The CMP 
system moves the wafer against a moving polishing pad, and uses a combination of the . 

25 moving polishing pad with polishing fluids at an interface with the wafer being polished, 
to remove the metal fihns by pohshing pressure and chemical reaction of the metal fihns 
to the polishing flxiid. According to accepted practices, a first step polishing operation is 
performed to remove the copper metal to the level of the underlying barrier film. Thereby, 
a test wafer is provided, having a top layer of barrier fihn, and fiirther having trenches in 

30 an underlying ILD. The trenches contain metal that provide circuit intercoimects. Further, 
the metal in the trenches are dished as a resiilt of the first step polishing operation. The 
first step polishing operation is followed by a second step polishing operation that removes 
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the barrier film to the surface of the underlying ILD, and which further results in the ILD 
being polished with a mirror-like, polished planar surface suitable for subsequent 
fabrication of integrated circuits. Further, the wafer is left with metal in the trenches to 
provide circuit interconnects. The metal in the trenches are dished as a result of being 
5 subjected to the second step polishing operation. 

The CMP po.Ushing system would desirably result ia a poUshed planar wafer 
surfece without residual metal films on the polished surface of the ILD, and with all of the 
trenches having metal at heights that are even with the level of the polished surface. 
However, chemical reaction and mechanical friction, applied by the polishing operation 

10 results in undesired removal of metal from the trenches, referred to as dishing. Further, the 
wafer can be subjected to excessive polishing, to ensure complete removal of metal from 
the ILD surface, which results in erosion of the ILD surface. Excessive polishing can 
cause undesired rounding of the comer edges of the trenches, altering critical dimensions 
of the circuit interconnects in the trenches. 

15 A long existing need exists for a CMP system that minimizes, dishing of circuit 

interconnects in trenches, erosion of an ILD surface and roimding of comer edges of the 
trenches. 

The iQvention pertains to a system for dished metal redevelopment, DMR, that 
minimizes dishing. The invention provides a system for dished metal redevelopment of a 
20 semiconductor wafer by moving a surface of the wafer agaiost a moving polishing pad, the 
system comprising the steps of: providing a plating solution at an interface between the 
wafer and the polishing pad, which redevelops dished metal in dished trenches in an 
interlayer dielectric, ELD, of the wafer. 

A fiirther aspect of the invention resides in, a polishing fluid for use in dished 
25 metal redevelopment by a CMP polishing operation wherein, a moving semiconductor 
wafer is urged against a moving polishing pad, the polishing fluid comprising: a metal 
d^osition solution for depositing metal onto dished trenches in said wafer during said 
CMP polishing operation. 

Embodiments of the invention will now be described by way of example with 
30 reference to- the accompanying drawings, according to which; 



-2 . 
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Figure 1 is a diagraminatic view of a cross section of a semiconductor wafer 
having a copper metal layer removed to the level of an underlying barrier fihn of tantalum, 
and trenches imbedded with copper metal providing circuit interconnects; 

Figure 2 is a diagrammatic view, similar to Fig. 1, disclosing a semiconductor test 
5 wafer having a having a layer of ILD with a polished surface, and dished copper metal in a 
dished trench in the ILD, which may be SiOa, TEOS or a low K dielectric; 

Figure 3 is a graph disclosing measurements of a surface height profile of a test 
wafer prior to deposition of metal onto dished metal in dished trenches; 

Figure 4 is a spreadsheet of the measurements shown graphically in Fig. 3; 
10 Figure 5 is a graph disclosing measurements of a surface height profile of a test 

wafer with copper metal deposited onto dished metal in dished trenches; 

Figure 6 is a spreadsheet of the measurements shown graphically in Fig. 5; 

Figure 7 is a diagrammatic view, similar to Fig. 1, disclosing a test wafer with a 
barrier film of tantalum covering a layer of ILD, and further disclosing a dished trench 
15 onto which is diagrammatically shown a deposit of copper metal applied by an electroless 
plating solution being used as a polishing fluid in a CMP polishing operation to remove 
flie tantalimi; 

Figure 8 is a diagrammatic view, similar to Fig. 2, disclosing a test wafer having a 
layer of ELD with a poUshed surface, following a CMP polishing operation to remove a 
20 barrier layer of tantalum, and using a polishing fluid comprising a metal deposition 
solution that mininiizes dishing of metal in a dished trench in the ILD. 

Dished metal redevelopment means that metal is deposited onto dished trenches, of 
a semiconductor wafer, by depositing metal onto the dished trenches; and polishing the 
wafer with a relatively reduced polishing pressure to polish the metal being deposited onto 
25 the^dished trenches. The dished trenches contain dished metal resulting firom previous 
manufacturing operations, such as, an electroplating process that has filled the trenches 
with metal, followed by a CMP polishing operation that has caused dishing of the dished 
metal in the dished trenches. 

Three opportunities are provided for dished metal redevelopment by depositing 
30 metal onto dished metal in dished trenches of a wafer to replace metal that has been 
removed fi-om the dished trenches by a pohshing operation. 
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(1) . One opportunity for dished metal redevelopment by depositing metal onto 
dished trenches is presented by a wafer that has a polished and planarized surface of an 
ILD, and dished metal in trenches of the ED. Such a wafer would benefit by having metal 
deposited onto the dished metal, which would raise the level of the metal in the trenches 

5 and minimize dishing. According to an embodiment of the invention, a metal deposition 
operation is performed on such a wafer, while at the same time, polishing the wafer with a 
reduced polishing pressure, to deposit metal onto the dished metal in the trenches, which 
replaces metal that has been removed from the trenches by a previous CMP polishing 
operation, and to raise the level of the plated metal in the trenches to a relative peak in the 
1 0 topology of the wafer. The relative peak is removed and planarized by polishing with the 
reduced poUshing pressure. Experiments have been conducted, and are described 
hereafter. 

(2) . A second opportunity for dished metal redevelopment by depositing metal 
onto trenches is presented by a wafer that has a top layer of a metal, such as, copper, 

15 covering an underlying barrier film, and the wafer needs CMP polishing to remove the top 
layer of copper metal fi'om the underlying barrier film, and to polish the surface of the 
hairier fihn to a planar surface. According to the invention, a CMP polishing operation is 
performed on a wafer for a time period sufficient to remove copper metal firom an 
underlying barrier film on an ILD, which fijrther causes metal dishing in trenches in the 

20 ILD, and, further, the polishing operation is continued with a reduced polishing pressure 
and in concert with a metal deposition solution, which deposits metal onto dished trenches 
in the ILD, and which polishes the wafer at such reduced polishing pressure to remove 
metal that becomes deposited on the barrier film, and which exposes the surface of the 
barrier film. 

25 (3). A third opportunity for dished metal redevelopment by depositing metal onto 

trenches is presented by a wafer that has a barrier film covering an underlying ELD, and 
that has dished metal in trenches in the ILD. The wafer needs CMP polishing to remove 
the barrier fihn firom the ILD, and to polish the ILD to a planar surface. According to the 
invention, a CMP polishing operation is performed to remove a barrier film firom the ' 

30 underlying ILD and to polish the ILD to a planar surface. According to the invention, a 
CMP polishing operation is performed with a pH basic polishing fluid to remove a barrier 
film firom an underlying ILD, and to polish a surface of the ILD to a planar surface, and 
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the polishing fluid is a pH basic metal deposition solution which deposits metal onto 
dished metal in dished trenches in the ILD. Metal is deposited onto dished metal by the 
metal deposition solution at the same time that CMP polishing occurs to cause dishing. 
The dishing that would be caused by the CMP polishing is minimized. Experiments have 
5 been conducted, and are described hereafter. 

Fig. 1, discloses a first opportunity, during manufacture of a wafer for providing a 
system for dished metal redevelopment by depositing metal onto dished metal in dished 
trenches. Fig. 1 discloses, a portion of a test wafer 1 comprising, a silicon substrate 2 and a 
layer of an n.D 3, for example, TEOS , having therein, one of multiple trenches 4 in which 

10 metal 5 is contained to provide a circuit interconnect. Further, the wafer 1 comprises, a 
barrier fihn 6, for example, of tantalum covering the ILD 3. 

The wafer 1 disclosed in Fig. 1 was subjected to a previous CMP polishing 
operation that was intended to polish the barrier fihn 6 to a planar surface, and to polish 
the metal 5 in the trench 4 to the same height as that of the barrier film 6. However, as 

15 fiirther disclosed by Fig. 1, a condition known as dishing has resulted firom some of the 
concave dished metal 5 in the dished trench 4 being removed during polishing, which 
causes the dished metal 5 in the dished trench 4. Dishing is undesirable for adversely 
affecting the critical dimensions of the circuit interconnects, and for causing variations in 
the planarity of the wafer 1 . Accordingly, there exists a need for dished metal 

20 redevelopment, which minimizes metal dishing. 

Fig. 2 discloses a second opportunity, during manufacture of a wafer, for providing 
a system for dished metal redevelopment by depositing metal onto dished metal in dished 
trenches. Fig. 2 discloses, a portion of a test wafer 1 comprising, a silicon substrate 2 and a 
layer of an ILD 3, for example, TEOS , having therein, one of multiple trenches 4 in which 

25 metal 5 is imbedded to provide a circuit interconnect. Further, the wafer comprises, a 
barrier film 6 between the ILD 3 and dished metal 5 m the dished trench 4. The ILD 3 has 
been polished with a planar surface, which has removed a barrier layer firom the 
underlying ILD 3. 

The invention has resulted fi-om a series of experiments, described hereafter, 
30 discloses a third opportunity, during manufacture of a wafer, for providing a system for 
depositing metal onto dished metal in dished trenches. 
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Experiment 1 Using McDermit Hvspec 2 
Experiment 1 was conducted to deteraiine whether a known plating solution would 
deposit copper metal onto dished metal in dished trenches of a test wafer. A test wafer was 
provided, as having a top layer of copper removed by CMP polishing, and a barrier film of 
5 tantalum nitride removed by CMP polishing to the level of an ILD of TEOS. Dished 
trenches in the ILD contained dished copper metal. 

The experiment was conducted by immersing the test wafer in a metal deposition 
solution at room temperature, according to which, a plating solution, adjxisted to pH basic, 
was applied to the test wafer. The plating solution is commercially available from Shipley 
10 Chemical Corporation, and known as, McDermit Hyspec 2, of the Nanoplating 2000 

Series. Sugar was added as a slow reacting, reducing agent. The results of the experiment 
were unsuccessful in depositing a sufficient thickness of metal in the trenches within a 
tune frame of approximately three minutes. 

Experiment 2 Using A Known Plating Solution 
15 Experiment 2 was conducted to determine wheflier a known plating solution would 

deposit copper metal onto dished metal in dished trenches of a test wafer, using a known 
electroless copper plating solution, as described in U.S. Patent 5,965,21 L The test wafer 
was similar to the test wafer, as provided in Experiment 1 . 

The experiment was conducted by immersing a test wafer in the solution, adjusted 
20 to pH basic, for an observed time period. Thereafter, the test wafer was cleaned in 
deionized water. 

The experiment was successftil, in that the known electroless copper plating 

solution successfully deposited an acceptable thickness of copper in dished trenches of a 

test wafer within a few minutes duration. 
25 Experiment 3 Using A Known Plating Solution 

Experiment 3 was conducted to determine whether a known plating solution would 

deposit copper metal onto dished metal in dished trenches of a test wafer, using a known 

electroless copper plating solution, as described in. Metal Finishing Guidebook . The test 

wafer was similar to the test wafer, as provided in Experiment 1. 
30 The experiment was conducted by immersing a test wafer in the solution, adjusted 

to pH basic, for an observed time period. Thereafter, the test wafer was cleaned in 

deionized water. 
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The experiment was successful, in that the known electroless copper plating 
solution successfully deposited an acceptable thickness of copper in dished trenches of a 
test wafer within a few minutes duration. • 

Experiment 4 

5 Experiment 4 refers to a series of experiments that were conducted to determine 

whether different metal deposition solutions would deposit copper metal onto dished metal 
in dished trenches of a test wafer. In addition, the experiments were conducted to 
determine whether or not any of the tested metal deposition solutions is suitable for use as 
a slurry, or polishing fluid, in a CMP polishing operation to remove a banier layer of 
10 tantalum and polish the underlying ILD with a planar polished surface. Further, at least 
one of the experiments was conducted to use a metal deposition solution as a slurry, or 
polishing fluid, in a CMP polishing system that operated to remove a barrier layer of 
tantalum, and to polish the underlying ELD with a planar pohshed surface. 

Each test wafer was similar to the test wafer, as provided in Experiment 1 . The 
15 series of experiments used different metal deposition solutions, RD-1 through RD34, as 
described in each of: Table 1, Table 2 and Table 3. These Tables are incorporated in the 
present description as an Appendix of the present description. 

Table 1 

Table 1 has three columns for categorizing rows of data entered in the Table 1 . 

20 Column one of Table 1 is named, "Solution" for categorizing data entries by different 

metal deposition solutions that are identified as RD-1 tinough RD 36, as entered in column 
one of Table 1. The second column is named *Test subject" for categorizing data entries 
according to remarks pertaining to the constituents of the solutions. The third colxram is 
named "Observation" for categorizing data entries according to the observed results that 

25 occurred when test wafers were exposed to, and reacted with, the solutions. 

The data entries corresponding to metal deposition solutions RDl- RD5 in Table 1, 
pertain to different solutions that were formulated with combined constituents: CUSO4 , 
NH3 CI and sugar as a leveler, instead of formaldehyde as a reducing agent, and an 
adjusted pH > 9, and/or an adjusted pH>l 1, as adjusted with KOH. As recorded in column 

30 three, the pH was observed to drift, or the solution changed color or precipitates were 

observed. Accordingly, the solutions RD1-RD5 were unsatisfactory ia depositing metal in 
dished trenches of test wafers. 
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The date entries corresponding to metal deposition solutions RD-6 and RD-7 in 
Table 1, pertain to experiments wherein, different electroless plating solutions were 
formulated, with a reducing agent in the form of formaldehyde. The data entries indicate 
that solutions RD-6 and RD-7 were unsatisfactory in depositing metal in dished trenches 
5 of test wafers. 

The data entries corresponding to metal deposition solutions RD-8 through RD-36, 
all pertain to solutions using formaldehyde and Potassium Ferrocyanide, as action 
initiators and as accellerators. Each of the solutions RD-8 through RD-36 used a metal 
deposition solution, for example, an electroless copper plating solution having 
10 combinations of constituent chemical parts that varied in combination and in relative 
concentrations. The constituent parts were selected from the constituent parts that 
comprised: 

(1) Ethanolamine and Ethanolamine ACS reagent, 

(2) Tri-ethanolamine, 

15 (3) Formaldehyde and Formaldehyde sodium bisulfate, as reducers, 

(4) NH4CI, Ammonium Chloride as a leveler, 

(5) Ethylene-diamine-tetra-acetic acid (EDTA) as a complexing agent, 

(6) D-iso-ascorbic acid (lAA) as a reducer, 

(7) Nitrilo-tri-acetic acid, 
20 (8) Isophthalic acid, 

(9) 2,2'-Dipyridyl, 

(10) Potassium ferrocyanide, 

(1 1) Citric acid (CA) as a complexing agent, 

(12) Copper sulfate pentahydrate (Cu SO4 ), and 
25 (13) CaH2. 

Other such constituent parts comprised: 

(1) Copper chloride, 

(2) Ammonium citrate, 

(3) Tartaric acid, 

30 (4) Potassium ferrocyanide trihydrate, 

(5) 2-Mercaptobenzothiazole (MBT), 

(6) Sodium chloride, 

-8 - 
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(7) Potassium chloride, 

(8) Phthalic acid, and 

(9) Polyetheylene glycol. 

The experiments were conducted at room temperature. In each solution, pH was 
5 adjusted with Potassium hydroxide to a pH within a range 1 1 .30 to 12.60. The adjusted 
pH>9 was found to be required for an acceptable metal deposition rate of sufficient 
rapidity, to obtain, for example, 500A^ thickness of deposited metal in 5 minutes. An 
adjusted pH>l 1 increases the acceptable metal deposition rate. 

The experiments indicate that an acceptable metal deposition rate onto dished 
10 trenches is accomplished by a solution having the chemical constituent parts; Potassium 
ferrocyanide, Copper sulfate or Copper chloride providing a source of copper ions, 
Ammonium citrate or NH3 ETD A and a pH>9 and when polishing tantalum, a preferred 
pH>ll. 

Table 2 

15 Table 2 in the Appendix, contains additional data entries corresponding to metal 

deposition solutions RD-8 througji RD-36. Table 2 has three columns for categorizing 
rows of data entered in the Table 2. 

Column one of Table 2 (and part of Column two) is named, "Slurr/' for 
categorizing data entries by different metal deposition solutions that are identified as RD-1 

20 through RD 36, as entered in column one of Table 1 . The term, "Slurry^* refers to a 

polishing fluid that is used in a CMP polishing system. The experiments were conducted 
to determine whether or not a metal deposition solution is suitable as a slurry, or polishing 
fluid, in a CMP polishing system. 

An upper part of Column two of Table 2 is named "Total" to indicate the total 

25 grams "(g)" of different solutions that were used to deposit copper metal. Columns three 
through sixteen identify the constituent chemical parts of such different solutions, 
measured in grams "(g)"; and the percentages "(%)" in columns three through sbcteen 
represent the concentrations, or purities, of the constituent chemical parts. 

Further, Columns three through sixteen in a lower part of Table 2, below the grams 

30 "(g)" in columns three through sixteen, the percentages by weight percent of the 

constituent chemical parts are indicated. Column seventeen m the lower part of Table 2 is 
named "Final pH" to indicate the adjusted pH of the solutions, adjusted vnth KOH. 

-9 - 
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Column eighteen is named "actual pH" to indicate the pH of the solutions prior to the pH 
being adjusted. 

The adjusted pH>9 was found to be required for an acceptable metal deposition 
rate of sufficient rapidity, to obtain, for example, 500A° thickness of deposited metal in 5 
5 minutes. An adjusted pH>l 1 increases the acceptable metal deposition rate. 

Further, a lower part of Column nineteen. Table 2, is named "Observation," for 
categorizing data entries according to the observed results that occurred when test wafers 
were exposed to, and reacted with, the solutions. 

Tables 

10 Table 3, Appendix, records measurements of metal deposits on the surface of a test 

wafer having metal deposited by Solutions RD8 through RD 36. Column one, named 
"RD-formula" identifies the metal plating solutions RD8 tlirough RD36, as fiirther 
identified in Table 1 and Table 2. The measurements were performed by a Vecco 
profilometer, commercially available firom the Veeco company. 

15 Column one of Table 3, records respective plating solutions RD-08 through RD- 

30. Column two, of Table 3, named "Pre," records measurements in height of the metal in 
trenches, relative to the height of the TEOS providing an ILD; prior to exposure of the test 
wafer to the respective plating solutions RD-8 through RD-36, as recorded in Column one. 
Colunm two is divided into subcategories, "ASH," meaning Average Standard Height, and 

20 *TIR" meaning Total Indicated Result firom the lowest measured height to the highest 
measured height, which was measured firom a reference plane referenced at zero. The 
lowest measured height, in the *Tre" category of test measurements, corresponds to Hie 
depth of dished metal in the trenches, of test wafers prior to exposure to respective plating 
solutions. The highest measured height corresponds to the height of TEOS providing an 

25 ELD of the test wafers prior to exposure to respective plating solutions. 

Column three of Table 3, named *Tost," records measurements in height of the 
metal in trenches, relative to the height of the TEOS providing an ILD; subsequent to 
exposure of the test wafer to the respective plating solutions RD-8 through RD-36. 
Column 3 is divided into subcategories, "ASH," meaning Average Standard Height, and 

30 "TIR" meaning Total Indicated Result fi:om the lowest measured height to the highest 
measured height, measured firom a reference plane referenced at zero. 



-10 - 
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Column 4, of Table 3, named "Delta Ash" records measurements of the differences 
in "Ash" of metal m trenches of the test wafers, due to, either subtractive etching or 
additive deposition, of metal in trenches of the test wafers, caused by exposure of the test 
wafers to the respective solutions RD-08 through RD-36. Some of the measurements are 
5 negative, as indicated by respective minus signs, which indicate that etching, instead of 
additive deposition, was observed. The measurements in Column 4, Table 3, that are 
positive, as indicated without minus signs, indicate that metal was successfully deposited 
on the metal in the trenches. 

Thus, Table 3 indicates that some of the solutions RD-08 through RD-36 were 

10 successful in depositing copper metal onto metal in trenches of the test wafers, and 

particularly, in depositing metal at an acceptable deposition rate that is equal to or greater 
than 100A° per nunute for an elapsed time of five minutes. 

Fig. 3 graphically records measurements representing differences in the height of a 
test wafer having a number of dished trenches that are disposed between two reference 

15 points •H" and *M" spaced apart on the surface of the test wafer. The measurements are 
further represented, as disclosed by Fig. 4, in a spreadsheet The measurements are further 
represented, as recorded in Table 3, by the *Tre" data corresponding to the solution RD- 
30, Additional graphs exist for other metal solutions. For purposes of description hereia, 
such additional graphs are not disclosed herein. 

20 Fig. 5 graphically records measurements representing differences in the height of 

the test wafer subsequent to the test wafer having been exposed to the metal deposition 
solution RD-30, as disclosed by Tables 1, 2 and 3. The measurements are further 
represented, as disclosed by Fig. 6, in a spreadsheet. The measurements are further 
represented, as recorded in Table 3, by the "Post" data corresponding to the solution RD- 

25 30. Additional graphs exist for other metal solutions. For purposes of description herein, 
such additional graphs are not disclosed herein. 

Previous to conducting the experiment, the "Pre" data is depicted in the graph. 
Fig. 3, which discloses the ILD surface bemg measured as peaks in the graph, and which 
further discloses the dished metal in trenches being measured as valleys in the graph. The 

30 dished metal was below the level of the ILD. Following immersion of the test wafer in the 
solution RD-30, copper metal was deposited on the dished metal at an acceptable 
deposition rate. The 'Tost" data is depicted in the graph. Fig. 5, which discloses tiie ILD 
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surface being measured as valleys in the graph, and which further discloses the deposited 
metal onto the trenches having a thickness that extends above the height of the ILD. Fig. 5 
graphically indicates that copper metal has deposited on the dished metal in dished 
trenches of a test wafer. Accordingly, Table 3 provides a notation *TR.e-dep" as an 
5 indication that solution RD-30 provides an acceptable deposition of metal. Each of the 
other metal deposition solutions that provides an acceptable deposition is indicated with a 
similar notation "Re-dep" in Table 3. 

The invention resides in using a metal deposition solution to deposit metal onto 
dished metal in dished trenches, and further, using such a solution as a polishing fluid for a 

10 CMP polishing operation to polish a wafer to a polished planar surface. For example, any 
of the solutions indicated with the notation '*Re-dep" would be candidates for use as such a 
polishiQg fluid. According to the invention, metal dishing is minimized by providing a 
CMP polishing system that deposits metal onto dished metal in dished trenches. 

With reference to Fig. 2, an opportunity to deposit copper metal during a polishing 

15 operation wiil now be discussed. For example, with reference to Fig. 2, A CMP polishing 
operation operates to remove a top layer of tantalum, barrier film, from the underlying 
ILD, TEOS using a relatively high polishing pressure in the presence of a polishing fluid, 
which removes the barrier film, and exposes the ILD and leaves dished metal in each 
dished trench. The CMP poUshing operation is continued by polishing with a reduced 

20 poUshing pressure in the presence of a metal deposition solution, such as a metal 

deposition solution, as appearing in Tables 1 and 2, to deposit metal onto dished metal in 
each dished trench, while polishing at a reduced polishing pressure polishes the surface of 
the deposited copper metal. The deposited metal will replace the metal removed by 
polishing with the relatively higher polishing pressure. Further, the deposited metal will be 

25 pohshed by the relatively lower polishing pressure in the presence of the metal deposition 
solution being used as the polishing fluid. Metal deposition is performed during CMP 
polishing with a reduced polishing pressure, while providing a metal deposition solution, 
which deposits metal onto the metal in the dished trench. The trench will have a metal 
deposit with a slightly dished surface caused by polishing during deposition. Accordingly, 

30 metal is deposited in the trench to replace metal that has been removed by polishing. The 
deposited metal in the trench has only a slightly dished surface that results from polishing 
simultaneously occurring with deposition of the metal. The deposited metal in each trench 
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ensures that sufficient metal is present in the trench to provide a circuit interconnect that 
meets critical dimensional requirements, and that avoids a localized defect in the wafer 
due to excessive dishing. 

With reference to Fig. 7, a further opportunity to deposit copper metal during 
5 another poUshing operation will now be discussed. For example, with reference to Fig. 7, 
A CMP polishing operation operates to remove a top layer of copper metal from the 
underlying barrier fihn 6 using relatively high poHshing pressure in the presence of a 
known copper removing, polishing fluid, which removes the copper metal, and exposes 
the barrier fihn 6, and leaves dished metal 5 m each dished trench 4. The poUshing 

10 pressure used in a CMP polishing operation can be adjusted to be in excess of seven 
pounds per square inch, which is used, for example, to remove a layer of copper metal 
from a wafer 1 . The polishing pressure used in a CMP polishing operation can be adjusted 
to be between six pounds per square inch and three pounds per square inch, which is used, 
for example, to remove a layer 6 of tantalum metal from a wafer 1 . 

15 According to the invention, the CMP polishing operation is continued by poUshing 

with a reduced polishing pressure, adjusted to be less than three pounds per square inch, in 
the presence of a metal deposition solution, such as a metal deposition solution, as 
appearing in Tables 1 and 2, to deposit metal, indicated by a phantom outline 5A, onto 
dished metal 5 in each dished trench 4, while poUshing at a reduced poUshing pressure 

20 poUshes the surface of the deposited copper metal 5a. The solution selectively deposits 
copper metal 5 a onto dished copper 5, rather than onto the tantalum 6. The deposited metal 
5a will replace the metal 5 removed by poUshing with the relatively higher poUshing 
pressure, which results in dished metal redevelopment. Further, the deposited metal 5 will 
be polished by the relatively lower poUshing pressure in the presence of the metal 

25 deposition solution being used as the poUshing fluid. Metal deposition is performed during 
CMP poUshing with a reduced poUshing pressure, while providing a metal deposition 
solution, which deposits metal 5a onto the dished metal 5 in the dished trench 4. The 
trench 4 will have a metal 5 with a sUghtly dished smface caused by poUshing during 
deposition. Accordingly, metal 5a is deposited in the trench to replace metal 5 that has 

30 been removed by poUshing. The deposited metal 5a onto tiie trench 4 has only a sUghtly 
dished surface that results from poUshing simultaneously with deposition of the metal 5a. 
The deposited metal 5a onto each trench 4 ensures that sufficient metal is present in the 
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trench 4 to provide a circmt intercoimect that meets critical dimensional requirements, and 
that avoids a localized defect in the wafer 1 due to excessive dishing. 

With reference to Fig. 7, another opportunity to deposit copper metal during a 
polishing operation will now be discussed. By way of example, the thickness of the dished 
5 metal 5 in each trench 4 is at least 600 A° minimum, which is the minimum thickness for a 
circuit interconnect that meets critical dimensions. A further CMP polishing operation is 
required to remove the tantalum, barrier film 6, to expose the underlying ILD 3, and to 
polish the ILD 3 with a planar poHshed surface. However, further dishing of the dished 
metal 5 in each trench 4, as caused by the further CPM polishing operation would be 
10 undesired. 

According to the invention, a CMP polishing operation operates to remove a top 
layer of tantalum, barrier fihn 6, from the underlying ILD 3, TEOS, using a relatively 
higher polishing pressure in the presence of a pohshing fluid, which removes the barrier 
film 6, exposing the imderlying ILD 6 and leaving dished metal 5 in each dished trench 4. 

15 The pohshing fluid is a metal deposition solution, such as disclosed in Tables 1, 2 and 3, 
to deposit metal 5a onto the dished metal 5 in each dished trench 4. The solution 
selectively deposits copper metal 5a onto dished copper metal 5 in each dished trench 4, 
The metal deposition solution has an adjusted pH>9 to ensure an acceptable metal 
deposition rate. In addition the solution, by having a relatively high pH will ensure 

20 chemical dissolution of the barrier layer 6, the barrier layer being removed by a 

combination of mechanical removal by polishing and chemical removal by dissolution. 
The pohshing fluid contains abrasive colloidal sihca of 15% by weight proportion, for 
enhancing the time based rates of removal and polishing. 

Pohshing with a relatively higher pohshing pressure, 3-7 pounds per square inch, 

25 removes the top layer of tantalum at a relatively rapid rate, while copper metal 5a is being 
deposited in the trench 4, to expose the underlying ILD 3. Pohshing continues with a 
reduced pohshing pressure to pohsh the underlying ILD 3 to a planar polished surface. 
Fig. 8 discloses a wafer 1 that has been pohshed sufficiently to remove all of the tantalum, 
barrier film 6, exposing a pohshed surface 3a of the underlying ILD 3. 

30 Fig. 8 diagrammatically shows that a potential thickness of deposited copper metal 

5a, in the absence of pohshing, would extend the metal 5 m the trench 4 to a height above 
the height of the ILD 3. Such an occurrence is further disclosed by Fig. 6 that discloses 



-14 . 



wo 02/23613 



PCTAJSOl/28866 



measurements of metal 5a in trenches 4 extended to a height above the height of the 
TEOS, barrier fihn 6, following metal deposition according to experiment RD-30. 
However, the polishing operation removes the deposited copper metal 5a, such that, as 
shown in Fig. 8, the poUshing operation has removed all deposited copper metal 5a in its 
5 entirety, which leaves the dished metal 5 in each trench 4 with the required thickness of at 
least 600 A° minimum, which is the minimimi thickness for a circuit interconnect that 
meets critical dimensions. According to an advantage of the invention, complete removal 
of the deposited metal 5a by CMP polishing, eliminates the deposited metal 5a together 
with all defects in the deposited metal 5a, because of excessively large grain boundaries, 

10 or because of interruptions in the deposit, or becaxise of copper complexing ions in the 
deposited copper metal. 

Another advantage of removing all of the deposited metal 5a during CMP 
polishing of the wafer 1 shown in Figs. 7 and 8, is that dishing of the metal 5 in the trench 
4, as shown in Fig. 8, remains unchanged from that shown in Fig. 7, without the dishing 

15 being increased by the polishing operation fliat removes the tantalum barrier film 6. 

Accordingly, dishing is minimized by the polishing operation, according to the invention. 
For example, Fig. 8 diagrammatically shows, in phantom outline 5a, the potential 
thickness of deposited copper metal 5a that would extend the height of metal 5 in the 
trench 4, in the absence of polishing. However, the polishing operation has removed all of 

20 the metal 5a deposited by the metal deposition solution. By way of example, the polishing 
operation is performed with a reduced polishing pressure for an elapsed time of five 
minutes. Such polishing operation uses the metal deposition solution RD-36, as identified 
in each of Tables 1, 2 and 3, as a polishing fluid havmg an adjusted pH>l 1, and 
specifically pH = 12. Furtlier, the solution is used as a polishing fluid for CMP polishing, 

25 and has abrasive colloidal siUca 15% by weight proportion of the constituent parts of the 
solution. 

The columns of Table 4 in the Appendix, identify the test wafer, the down force 
DF, the pressure BP, the Flow rate of the polishing fluid (metal deposition solution and 
abrasive particles), the speed of the Platen mounting the test wafer thereon, the speed of 
30 the Carrier on which the Polish Pad is moimted, the polishing time Pol Time, the Slurry 
composition RD-36, and the type of Polish Pad used for polishing. The thickness of 
deposited metal 5a would be approximately 500A° in the absence of poHshing. However 
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the polishing operation with a reduced polishing pressure has removed the deposited metal 
5a in its entirety, without increasing the depth of the dished metal 5 that was previously in 
the trench 4. The poUshing operation prevents increased dishing of the dished metal 5 in 
tile trench 4 to provide a circuit interconnect that meets critical dimensional requirements. 
5 Further, the polishing operation avoids a localized defect in the wafer 1 due to excessive 
dishing. Further, Fig. 8 diagrammatically shows, in phantom outline, the height 3b of the 
ILD 3 that is removed by polishing to a planar polished surface 3a. By way of example, 
100 A° of the TEOS, ILD 3, is removed by polishing to a planar poUshed surface 3a. 

An advantage of the invention resides in depositing metal onto dished trenches to 

10 redevelop the dished metal in the dished trenches, which minimizes dishing. A further 
advantage resides in depositing metal onto dished trenches to redevelop the dished metal 
in the dished trenches, which minimizes dishing, while simultaneously polishing by a 
CMP process to polish the metal being deposited. A further advantage resides in 
depositing metal onto dished trenches to redevelop the dished metal in the dished trenches, 

15 which minimizes dishing, while simultaneously polishing a wafer by a CMP process to 
remove a layer of metal from an underlying surface, and to polish the underlying surface 
and the metal being deposited. According to further advantages of the invention, erosion 
of an ILD is minimized, and rounding of the trenches is minimized, when polishing the 
metal being deposited on dished trenches during a polishing operation. 
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Appendix - Table 3 



Re-dep measurement Veeco 





Pre 


Post 


DELTA 


RD-formular 


ASH TIR 


ASH TIR 


ASH 


RD-08 












RD-09 












RD-10 












RD-11 












RD-12 












RD-13 












RD-14 












RD-15 


RQ7 


r v\J 


797 


772 


-30 


RD-16 








706 


-5 


RD-17 


1 VJO*T 


1228 


1008 


1253 


26 


RD-18 


*VUSJ 


777 


542 


-14727 


-136 


RD-19 


IPS'? 


1 ^/ u 




1363 


50 


RD-20 


c.\J 1 








6 


RD-22 






1 


~*t*t57 f <J 


123 


CA RD-09 






-7070 




8279 


CA RD-10 


291 


461 


-32 


-1374 


323 


CA RD-18 


1305 


1385 


781 


1515 


524 


CA RD-22 


1732 


1783 


1411 


1715 


321 


RD-24 


1101 


1192 


-1820 


9354 


2921 


RD-25 


574 


742 


-477 


2960 


1051 


RD-26 


404 


472 


-3764 


5643 


4168 


RD-27 


79 


197 


181 


248 


-102 


RD-29 


53 


160 


-8897 


11935 


8950 


RD-30 


1091 


1229 


-3630 


6243 


4721 


RD-31 


831 


866 


-3548 


4717 


4379 


RD-32 


929 


959 


910 


1016 


19 


RD-33 


1011 


1231 


-13273 


22548 


14284 


RD-34 


637 


883 


-4432 


8563 


5069 



Cu spots 



Cu spots 

Re-dep 

Re-dep 

Re-dep 

Re-dep 

Re-dep 

Re-dep 

Re-dep 

Re-dep 
Re-dep 
Re-dep 

Re-dep 
Re-dep 



slot 12 
slot 13 
slot 14 
slot 15 
slot 16 
slot 17 



-22 - 



wo 02/23613 



PCT/USOl/28866 



H ^ 



CO 



CO 



CO 



CO 



o 

Q. 

JZ 

o 
o 



o. a 



CO 



CO 

a 

T3 

0 

CO 
CO 

o 

X) 



CO 



CO 

o 

QJ 



23 - 



wo 02/23613 



PCT/USOl/28866 



Claims: 

1 . A system for dished metal redevelopment of a semiconductor wafer by moving a 
surface of the wafer against a moving poUshing pad, the system comprising the steps of: 
5 providing a plating solution at an mterface between the wafer and the polishing 

pad, which redevelops dished trenches in an interlayer dielectric, ILD, of the wafer by 
depositing metal onto the dished trenches; and 

polishing the wafer with a relatively reduced polishing pressure to polish metal 
being deposited onto the dished trenches. 
10 2. The system as recited in claim 1 wherein, the step of providing a plating solution 

at the interface further comprises the step of; providing a plating solution comprised of, an 
electrolyte of metal ions, a metal-ion complexing agent, an adjusted pH greater than about 
9, and a reducing agent. 

3. The system as recited in claim 1 wherein, the step of polishing flie wafer with a 
15 relatively reduced polishing pressure further includes the step of: removing the plated 

metal to substantially the same planar level as the surface of a metal-migration barrier film 
on the ILD. 

4. A system for dished metal redevelopment of a semiconductor wafer by moving 
the wafer against a moving poUshing pad, and providing a poUshing fluid at an interface of 

20 the wafer and the poUshing pad during poUshing, the system comprising the steps of: 
poUshing the wafer with a relatively higher poUshing pressure for a time period 
suflScient to remove a top layer of metal over an underlying interlayer dielectric, HD; 

poUshing the wafer with a reduced poUshing pressure while providing a metal 
electroless plating solution at said interface, which redevelops dished trenches in the ILD 
25 by plating a top layer of plated metal onto the dished trenches, and by plating metal onto 
the underlying ILD that is removed to the level of the underlying ILD by poUshing with 
the reduced poUshing pressure. 

5. A system for dished trench redevelopment of a semiconductor wafer by moving 
the wafer against a moving polishing pad, and providing a poUshing fluid at an interface of 

30 the wafer and the poUshing pad during poUshing, the system comprising the steps of: 
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polishing the wafer with a relatively higher polishing pressure for a time period 
sufficient to remove a top layer of metal over an underlying interlayer dielectric, ILD, the 
ELD having dished trenches of imbedded metal to provide circuit intercomiects; 

polishing the wafer with a reduced polishing pressure while providing a plating 
5 solution at said interface, which redevelops the dished trenches by plating a layer of plated 
metal onto the dished trenches, and the step of polishing the wafer with a reduce poKshing 
pressure fiarther includes the step of polishing the layer of plated metal. 

6. A system for dished metal redevelopment of a semiconductor wafer by moving a 
surface of the wafer against a moving polishing pad, the system comprising the steps of: 

10 poUshing the wafer with a relatively hi^er polishing pressure for a time period 

sufficient to remove a top layer of metal, 

polishing the wafer with a reduced polishing pressure while providing a metal 
deposition solution at an interface between the wafer and the polishing pad, which 
redevelops dished trenches in the ILD by depositing metal onto the dished trenches, and 

15 by polishing the metal being deposited onto the dished trenches. 

7. A polishing fluid for use in dished metal redevelopment by a CMP polishing 
operation wherein, a moving semiconductor wafer is urged against a moving polishing 
pad, the polishing fluid comprising: a metal deposition solution for depositing metal onto 
dished trenches in said wafer during said CMP polishing operation. 

20 8. The poUshing fluid as recited in claim 7, wherein said solution further 

comprises, an electroless copper plating solution having CUSO4 , NH4 CI, a reducing agent 
and an adjusted pH>9. 

9. The polishing fluid as recited in claim 7, wherein said solution further 
comprises, an electroless copper plating solution having CUSO4 , NH4 CI, a reducing agent 

25 and an adjusted pH>l 1 . 
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